Study on Intermittent Biological Process in Treating High Content Simulated PTA Manufacturing Wastewater by 邹小勤
I 
学校编码：10384 分类号      密级      
学    号：200333011                                UDC                 
 
厦  门  大  学 
 硕  士  学  位  论  文 
高浓度模拟 PTA 生产废水的间歇生物处理 
技术研究 
Study on Intermittent Biological Process in Treating High Content 
Simulated PTA Manufacturing Wastewater 
国家自然科学基金（20076037）资助项目 
邹 小 勤 
指导教师姓名： 李 清 彪   教 授 
专 业 名 称 ：  化 学 工 程 
论文提交日期： 2 0 0 6 年 8 月 
论文答辩日期： 2 0 0 6 年 8 月 
学位授予日期： 2 0 0 6 年  月 
 
答辩委员会主席：          
评 阅 人：          
 
































                                    声明人（签名）： 





























































  1、保密（ ），在   年解密后适用本授权书。 




作者签名：      日期：  年 月 日 





















行处理。首先研究水解 SBR 工艺和好氧 SBR 工艺对 PTA 生产废水的处理，了解该废
水的水解、好氧降解特点，然后在此基础上对水解－好氧组合 SBR 工艺进行研究，从
而进一步了解间歇生物技术处理 PTA 生产废水的可行性。 
首先以模拟 PTA 生产废水为目标废水。采用水解 SBR 工艺进行处理，结果表明，
温度、搅拌速率是影响该工艺处理效果的重要因素，水解过程去除 COD 的速率较慢，
初始 TA 浓度为 800 mg L-1 时，COD 去除率达到 90%需要 96 h。 
好氧 SBR 工艺能够实现对模拟 PTA 生产废水的快速降解，初始 TA 浓度＜1500 mg 
L-1 时，反应 4 h COD 去除率均能达到 90%以上；曝气量、沉淀时间和进水方法的优化
组合能够有效提高好氧 SBR 工艺对高浓度 PTA 生产废水的处理效果，初始 TA 浓度为
4000 mg L-1 时，反应 10 h，COD 去除率达到 96.0%，出水 COD 为 235 mg L-1，但是继
续曝气，COD 下降到一定值后就保持不变，反应 24 h，系统出水 COD 仍为 235 mg L-1，
无法达到石化废水 COD≤150 mg L-1 的排放标准；随着初始 TA 浓度的提高，出水 COD
和每周期的剩余污泥量也随之增大。 
好氧 SBR 工艺虽然能够快速去除 COD，但是无法实现废水的达标排放，并且剩余
污泥产量高，而水解－好氧组合工艺具有能够进行废水深度处理和剩余污泥产量低的优
点，因此分别研究间歇曝气 SBR 工艺和水解－好氧循环 SBR 工艺对模拟 PTA 生产废
水的处理效果。结果表明，初始 TA 浓度为 4000 mg L-1 时，（2 h 水解+4 h 好氧）×交
替 4 次的间歇曝气 SBR 工艺取得 优的结果，反应 24 h，出水 COD 为 189 mg L-1；水
解－好氧循环 SBR 工艺处理同一初始 TA 浓度的模拟废水，循环流速为 15 mL min-1，
曝气量为 3 L min-1 时取得 优的结果，反应 24 h，出水 COD 为 51 mg L-1；两个工艺条
件下系统均不产剩余污泥。研究结果表明，水解－好氧循环 SBR 工艺取得 优的模拟















在模拟 PTA 生产废水研究的基础上，分别研究了水解 SBR 工艺、好氧 SBR 工艺和
水解－好氧循环 SBR 工艺对实际 PTA 生产废水的处理效果，实际废水的初始 COD 和
TA 分别为 2530 mg L-1 和 634 mg L-1。结果表明，水解 SBR 工艺处理实际废水，由于废
水中其它易降解基质的存在，TA 的水解反应受到明显抑制；与模拟废水的研究中所观
察到的现象相同，好氧 SBR 法能够实现对实际 PTA 生产废水的快速降解，反应 6 h，
COD 去除率为 93.4%，但是继续曝气，COD 下降到一定值后就保持不变，反应 24 h，
系统出水 COD 为 168 mg L-1；循环流速为 15 mL min-1，曝气量为 2 L min-1 时，水解－
好氧循环 SBR 工艺处理 24 h，系统出水 COD 为 130 mg L-1，在所研究的三个间歇生物
处理工艺中取得 优的结果。 





















Purified terephthalic acid (PTA) is among the top 50 chemicals manufactured in 
the world and is the most important raw material used to make many synthetic 
products, especially polyester fiber. PTA manufacturing wastewater is a kind of 
wastewater difficult to treat due to the high level of organic contamination and the 
complex components in it. Recently, although study on PTA manufacturing 
wastewater treatment has been receiving growing attention due to the large quantity 
of concentrated effluents from PTA manufacturing plants, only a very limited amount 
of researches have been performed on the intermittent biological process compared to 
the continuous biological process, which has led us to an increased interest. Therefore, 
this study focused on the intermittent biological process in treating PTA 
manufacturing wastewater. Three intermittent biological processes including 
hydrolytic SBR process, aerobic SBR process and combined hydrolytic-aerobic SBR 
process were studied for their technological feasibilities in treating PTA 
manufacturing wastewater.  
The intermittent biological process in treating simulated PTA manufacturing 
wastewater was first studied. It was showed that temperature in the reactor and 
stirring rate were the key factors that influenced degradation efficiency of the 
hydrolytic SBR system. TA degradation rate was low due to the inhibition of the high 
TA load, when the initial TA concentration was 800 mg L-1, it cost 96 hours for the 
hydrolytic SBR system to remove about 90% of COD. 
It was showed that the simulated PTA manufacturing wastewater could be 
rapidly treated by the aerobic SBR process, when initial TA concentration was lower 
than 1500 mg L-1, the aerobic SBR system removed more than 90% of COD after 
only 4 hours treatment. Aerobic SBR system displayed a higher degradation activity 
when aeration rate, settling time and feeding way were all in the proper conditions. 
COD removal efficiency could reach 96.0% after just aerating for 10 hours when 
initial TA concentration was 4000 mg L-1. However, COD in the effluent reached a 
limitation of 235 mg L-1 which was not allowed to discharge directly, because COD in 
the effluent had to be lower than 150 mg L-1 to prevent the pollution of environment. 















biomass production each cycle were both higher, indicating that the aerobic SBR 
process should be improved because of the high organic concentration of PTA 
manufacturing wastewater. 
Because of the combined hydrolytic-aerobic SBR process had the ability to 
overcome the weaknesses of aerobic SBR process, so an intermittent aeration SBR 
process and a hydrolytic-aerobic recycling SBR process in treating simulated PTA 
manufacturing wastewater were studied. The results showed that when alternating 
hydrolytic and aerobic treatment for 4 times, the intermittent aeration SBR process 
got the best performance，COD in the effluent was 189 mg L-1 after 24 hours 
treatment when the initial TA concentration was 4000 mg L-1. when the recycling rate 
and the aeration rate were 15 mL min-1 and 3 L min-1, respectively, the 
hydrolytic-aerobic recycling SBR process got the best performance，COD in the 
effluent was only 51 mg L-1 after 24 hours treatment when the initial TA 
concentration was 4000 mg L-1. Treating by these two processes there were no surplus 
biomass production. The results showed that the performance of the 
hydrolytic-aerobic recycling SBR process was better than the other intermittent 
biological processes used in this study.  
Treatment of wastewater from a PTA manufacturing factory was studied for the 
technological feasibilities of the intermittent biological processes, the initial COD and 
TA concentration in the wastewater were 2530 mg L-1 and 634 mg L-1, respectively. It 
was showed that TA degradation was inhibited by compounds that were easily 
anaerobic degradable. All organic compounds present in the wastewater could be 
rapidly degraded by the aerobic SBR process, but as the results of the aerobic SBR 
process treating simulated PTA manufacturing wastewater showed that COD in the 
effluent reached a limitation of 168 mg L-1, which prevented the effluent from 
discharging directly. With the recycling rate of 15 mL min-1 and aeration rate of 2 L 
min-1, COD in the effluent was only 130 mg L-1 by hydrolytic-aerobic recycling SBR 
process after 24 hours treatment.  
The results showed that the hydrolytic-aerobic recycling SBR process was more 
efficiently in treating PTA manufacturing wastewater than the other intermittent 
biological processes，so this process may have broad applications in the future. 
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精对苯二甲酸（Pure Terephthalic Acid，简称 PTA）是生产聚酯的主要原料，被广泛
应用于纤维涤纶、聚酯薄膜、包装瓶、PBT 工程塑料、塑料增塑剂、农药和染料等生产
领域，是全球产量 高的五十种化学药品之一[1]。通常所说的精对苯二甲酸是指对苯二
甲酸（Terephthalic Acid，简称 TA）含量为 99.9%的 TA 聚合级产品[2]。 


































（1）COD高，有机酸含量高。COD范围一般在5000~9000 mg L-1，TA浓度在800~2500 
mg L-1，乙酸浓度在800~1200 mg L-1。 





1000 mg L-1 [11]，但是水质仍存在较大波动。李刚等[12]对国内某厂的水质监测结果如表
1.2所示。 
 




对二甲苯 0.007 — 
苯甲酸 0.007 — 
甲基苯甲酸 0.076 — 
邻苯二甲酸 0.003 — 
对苯二甲酸(TA) 0.251 — 
4-羧基苯甲醛(4-CBA ) 0.03 0.09 
醋酸甲酯 0.125 0.12 
醋酸 0.1~0.2 0.1 
资料来源: 李刚, 申立贤. 精对苯二甲酸生产废水处理技术. 中国沼气, 1995, 13(4): 1-5. 
 
表1－2 国内某厂PTA生产废水主要参数变化范围 
项目 pH值 COD / mg L-1 TA / mg L-1 
范围 4~11 1300~17800 40~2750 




























从土壤中分离到的一株以TA为唯一碳源的假单胞菌（P seud om onas ap.）对TA的降解
情况。林稚兰等[22]从处理石化废水的活性污泥和长期被对苯二甲酸钠污染的土壤中分离
筛选出部分菌株，能在24 h内将200 mg L-1的TA完全降解。万登榜[23, 24]在实验中确认 A 
chrom obacter 为降解苯二甲酸的优势菌种，并从土壤中分离富集了以TA为唯一碳源和
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